Background: Microcell-mediated transfer of chromosome 6 into human C8161 and MelJuSo melanoma cells suppresses their ability to metastasize by at least 95% without affecting their tumorigenicity. This observation demonstrates that the ability to metastasize is a phenotype distinct from tumor formation and suggests that tumorigenic cells acquire metastatic capability only after accumulating additional genetic defects. These results also imply that mutations of genes on chromosome 6 are among those late genetic changes responsible for metastatic potential. They further suggest that a melanoma metastasis-suppressor gene(s) is encoded on chromosome 6 or is regulated by genes on chromosome 6. Purpose: Our objective was to identify the gene{s) responsible for the suppression of metastasis in chromosome 6/melanoma cell hybrids. Methods: A modified subtractive hybridization technique was used to compare the expression of messenger RNAs (mRNAs), via an analysis of complementary DNAs (cDNAs), in metastatic cells (C8161 or MelJuSo) and nonmetastatic hybrid clones (neo6/C8161 or neo6/MelJuSo). Results: A novel cDNA, designated KiSS-1, was isolated from malignant melanoma cells that had been suppressed for metastatic potential by the introduction of human chromosome 6. Northern blot analyses comparing mRNAs from a panel of human melanoma cells revealed that KiSS-1 mRNA expression occurred only in nonmetastatic melanoma cells. Expression of this mRNA in normal heart, brain, liver, lung, and skeletal muscle was undetectable by northern blot analysis. Weak expression was found in the kidney and pancreas, but the highest expression was observed in the placenta. The KiSS-1 cDNA encodes a predominantly hydrophilic, 164 amino acid protein with a polyproline-rich domain indicative of an SH3 ligand (binds to the homology 3 domain of the oncoprotein Src) and a putative protein kinase C-ct phosphorylation site. Transfection of a full-length KiSS-1 cDNA into C8161 melanoma cells suppressed metastasis in an expression-dependent manner. Conclusions: These data strongly suggest that KiSS-1 expression may suppress the metastatic potential of malignant melanoma cells. Implications: KiSS-1 may be a useful marker for distinguishing metastatic melanomas from
The spread of malignant tumor cells from a primary tumor to form metastases at distant sites is the most life-threatening complication of cancer and is responsible for the majority of deaths in affected individuals. Understanding the regulation of metastasis at the molecular level is required to devise new modalities of cancer therapy, particularly those that improve cure rates when treating metastatic cancer.
Metastasis is a multistep process involving complex interactions between tumor cells and host cells. To metastasize, tumor cells must invade from the primary tumor, dissociate from the tumor mass, and be transported to nearby or distant secondary sites. Single cells, homotypic clusters of cells, or heterotypic emboli then arrest at a distant site with the use of both organspecific and nonspecific mechanisms, invade into the surrounding tissue, and respond to growth signals at the secondary site (1-4). A tumor cell must successfully accomplish each step in the pathway or metastases will not develop. Both positive and negative regulators exist for each step in the metastatic cascade , implicating the involvement of dozens of different genes. This provides the challenging task of identifying critical genes controlling the process for use as targets for therapeutic intervention.
To identify metastasis-controlling genes, we have used a functional assay of metastasis suppression of human tumor cells in athymic nude mice. We previously showed that the introduction of human chromosome 6 into human metastatic melanoma cell lines C8161 or MelJuSo by microcell-mediated chromosome transfer resulted in at least 95% suppression of metastasis without affecting tumorigenicity (12, 13) or local invasiveness (14) . Introduction of chromosome 1 also partially suppressed MelJuSo metastasis (75). The development of this panel of cell lines provided us with the necessary reagents to isolate genes specifically involved in the control of metastasis.
To identify the gene(s) responsible for metastasis suppression in malignant melanoma, we used a modified subtractive hybridization method (15) (16) (17) (18) (19) . Candidate genes were identified by searching for a minimum 10-fold increase in messenger RNA (mRNA) expression in nonmetastatic chromosome 6-C8161 hybrid cells (neo6/C8161.1) compared with highly metastatic parental C8161 cells grown under similar conditions.
Materials and Methods

Cell Lines and Culture Conditions
C8161 is an amelanotic human melanoma cell line that metastasizes widely following intradermal, subcutaneous, or intravenous injection into athymic nude or severe combined immunodeficient mice (12, 20) . Subclones C8161cl.9 and C8161cl.8 were isolated from C8161 by limiting dilution and were chosen for these studies because they have the highest and lowest metastatic potentials, respectively (12) . neo67C8161.1, neo6/C8161.2, and neo67C8161. 3 (12) were derived from microcell-mediated chromosome transfer of a single copy of a neomycin-resistance gene-tagged human chromosome 6 with the use of the MCH262A1.D6 donor cell line (12, 21) . Four additional, independently derived neo6/C8161 hybrid cell clones (neo6/C8161.4, neo6/C8161.5b, neo67C861.6, and neo67C8161.8) were subsequently developed. None of the neo6/C8161 hybrid cell clones were metastatic in athymic nude mice. neo6<del)(q21-q23) hybrid cell clones were prepared using a related chromosome 6 microcell donor variant A9/6q-cl.l, 2 (22) and are metastatic in nude mice (Miele ME, Goldberg SF, Hyatt DL, Barbanti-Brodano G, Welch DR: manuscript in preparation).
Cell line nomenclature has been chosen to identify the origin and nature of each cell line as unambiguously as possible. Single-cell clones are preceded by a "." (e.g., C8161cl.9 is a single-cell clone), and pooled, uncloned populations are identified by a "-" (e.g., C8161-KiSS-l-Pl is an uncloned population No. 1 of C8161 cells transfected with KiSS-1). Microcell hybrids are identified by the tagged chromosome followed by a "/" [e.g., neo6/C8161.3 is single-cell clone 3 derived from a fusion with a neomycin-resistance gene-tagged human chromosome 6; neo6(del)(q21-q23)/C8161cl.8 is single-cell clone 8 derived from a microcell fusion with a neotagged chromosome 6 containing deletion of the q21 -q23 bands].
All cells were grown in Dulbecco's modified minimal Eagle's medium and Ham's F-12 medium (DME-F12) (Irvine Scientific Co., Santa Ana, CA) supplemented with 10% fetal bovine serum (cDM£-F12). Neo-resistant cells, neo6/C8161, and neo6(del)(q21-q23)/C8161 hybrids were maintained in cDME-F12 containing 500 Jlg/mL geneticin (G^18; Life Technologies, Inc. [GIBCO BRL], Gaithersburg, MD). Nearly 70%-90% confluent cultures were passaged in Coming (Oneonta, NY) tissue culture dishes following detachment with a solution of calcium-and magnesium-free Dulbecco's phosphate-buffered saline containing 2 mW EDTA at split ratios of 1:10 to 1:20. All cultures were routinely tested and found to be negative for Mycoplasma spp. infection using a polymerase chain reaction (PCR)-based test kit (PanVera, Madison, WI).
Subtractive Hybridization
Subtractive hybridization was done as described (18, 19, 23) with minor modifications. Briefly, mRNAs were isolated from 80% to 90% confluent cells using the FastTrack mRNA isolation kit (Invitrogen Corp., San Diego, CA). A complementary DNA (cDNA) library was constructed from neo67C8161.1 cells using a XZAP-cDNA Gigapack II Gold cloning kit (Stratagene, La Jolla, CA). Subtractive hybridization was carried out between the first-strand cDNA from nonmetastatic neo6/C8161.1 cells and mRNA from metastatic parental C8161 cells. cDNA was synthesized from 1 Hg polyadenylic acid [poly(A) + ]-enriched RNA from neo6/C8161.1 using oligo(dT) primers. Biotinylation of mRNA from parental C8161 cells was performed using the Photobiotin-labehng system (Life Technologies, Inc.) according to manufacturer's instructions. To subtract, biotinylated mRNA (20 |ig) was mixed with cDNA (1 \lg) from neo6VC8161.1 and ethanol precipitated. The pellet was resuspended in diethylpyrocarbonatetreated water (20.5 uL) , then added to 2x hybridization buffer (80% formamide, 100 vnM hydroxyethylpiperazine ethane sulfonic acid [pH 7.5], and 2% sodium dodecyl sulfate [SDS], 22.5 (lL). This mixture was boiled for 2 minutes, chilled on ice for 5 minutes, and followed by the addition of NaCl (5 M, 2 |iL). Hybridization was performed at 42 'C for 48 hours. Streptavidin (25 ng; Sigma Chemical Co., St. Louis, MO) was added to the hybridization mixture, and the mixture was incubated at room temperature for 5 minutes before extraction with phenol-chloroform-isoamyl alcohol (25:24:1). The organic phase was back-extracted twice with 50 |lL streptavidin-binding buffer (100 mM Tris-HCl [pH 8.0]; 1 nuW EDTA, and 500 mM NaCl). The aqueous phases were then pooled. Unhybridized cDNA target was ethanol precipitated. This subtracted cDNA was used as a probe for the neo67C8161.1 cDNA library screening following random primer labeling (Amersham Life Sciences, Inc., Arlington Heights, IL). Positive clones were isolated and used for evaluation of expression in northern blot analysis.
Screening Candidate cDNAs and Isolation of Full-Length KiSS-1
Candidate cDNAs were initially evaluated for differential expression by northern blot analysis using poly(A) + -ennched mRNAs from C8161 and neo6/C8161.1 cells. If the expression was greater in neo6/C8161.1 cells by at least 10-fold, the same cDNA was used to probe a more extensive blot containing RNAs from a panel of cell lines with differing metastatic potentials. If the pattern of expression correlated with metastatic potential, full-length cDNAs were isolated and further characterized.
Full-length KiSS-1 was obtained from a XZAP-cDNA library (7.5 x 10 6 plaques) prepared from neo6/C8161.1 cells. After third-round screening, seven positive clones were isolated and identified as a same gene by restriction mapping and sequence analysis. Library screening was done using a 0.5-kilobase (kb) partial KiSS-1 probe obtained from the subtractive hybridization. The longest cDNA insert was sequenced on both strands by the dideoxy chain termination method with Sequenase version 2.0 (Amersham Life Sciences, Inc.).
Northern Blot Analysis
For northern blot analysis, poly(A) + -enriched mRNA was isolated from 80% to 90% confluent cells with the use of a FastTrack mRNA isolation kit (Invitrogen). Poly(A) + mRNA (2.5 ng) was loaded and electrophoresed on 1% agarose gel containing 2.2 M formaldehyde at 78 V for 3.5 hours. RNA was transferred onto a nylon membrane using the Turboblower system (Schleicher & Schuell, Keene, NH) and fixed by UV cross-linking (Stratagene). Full-length KiSS-1 cDNA probe was radiolabeled using random priming (Amersham Life Sciences, Inc.). Prehybridization was done in 48% formamide, 4.8x sodium chloride/sodium citrate (SSQ (lx SSC = 0.15 M NaCl and 0.015 M sodium citrate), 20 mM Tns (pH 7.6), lx Denhardt's solution (0.02% Ficoll, 0.02% bovine serum albumin, and 0.02% polyvinylpyrrolidone), 10% dextran sulfate, and 0.1% SDS. Hybridization was carried out in the same buffer plus herring sperm DNA (100 Hg/mL) for 24 hours at 42 *C. The membrane was rinsed twice with 2x SSC containing 0.1 % SDS for 15 minutes at 42 "C, followed by washing twice with 0.1 x SSC containing 0.1 % SDS for 15 minutes at 42 *C. The rinsed membrane was exposed to x-ray film (Du Pont-NEN, Boston, MA) for desired intensity.
Expression of KiSS-1 in normal human tissues was evaluated by use of a multiple-tissue RNA blot [2 |ig of poly(A) RNA per lane] purchased from CLONTECH Laboratories, Inc. (Palo Alto, CA). The blot was hybridized by use of a full-length KiSS-1 probe as above. Expression of KiSS-1 in normal human melanocytes (CLONTECH Laboratories, Inc.) was determined by reverse transcription-polymerase chain reaction (RT-PCR). Detection of KiSS-1 message (1.0 kb) in placenta was possible following overnight exposure. KiSS-1 mRNA was detectable in the pancreas (0.8 kb) and kidney (0.9 kb) only after a 3-7-day exposure at -70 'C with two intensifying screens.
Transfections and Metastasis Assays
A full length of KiSS-1 cDNA was cloned into the pcDNA3 expression vector (Invitrogen Corp.) in which transcription is driven by human cytomegalovirus promoter. The resultant plasmid pcDNA3-KiSS-1 was transfected into C8161 cells using Lipofectin (Life Technologies, Inc.)-Individual transfectants were isolated and cloned following growth in cDME-Fl 2 containing G-418 (500 ng/mL). Poly(A) + mRNA was isolated from each transfectant by use of the Micro-FastTrack mRNA isolation kit (Invitrogen Corp.), and northern blot analysis was done as described above. C8161-neomix was isolated as a control, uncloned population of C8161 cells transfected with the pcDNA3 vector only.
Transfectants were evaluated for growth in vitro. Cells (2 x 10 4 ) were inoculated into 24-well tissue culture plates (Coming) in cDME-F12 medium. After 24, 48, 72, and 96 hours, cells were trypsinized and counted using a hemacytometer.
For spontaneous metastasis assays, cells (1x10 ) were injected intradermally into the dorsolateral flank of athymic nude mice (four to 12 mice per group). Female mice (3-4 weeks old) (Harlan Sprague-Dawley, Inc., Madison, WI) were used for these studies. Animals were maintained under the guidelines of the National Institutes of Health and The Pennsylvania State University College of Medicine All protocols were approved by the Institutional Animal Care and Use Committee. Food and water were provided ad libitum. Tumor size was measured weekly by taking orthogonal measurements and were expressed as mean tumor diameter. Mean tumor diameter was calculated as described (12, 13) by use of the following equation:
After the mean tumor diameter reached 1.5-2.0 cm, mice were killed, necropsied, and visible metastases were counted (20, 24) .
In the C8161 human melanoma model, the rank orders of spontaneous and experimental metastasis assays for multiple cell variants are equivalent [i.e., poorly metastatic clones in the spontaneous metastasis assay are poorly metastatic in experimental metastasis assays. Likewise, individual clones are highly metastatic in both assays (20) ]. For experimental metastasis assays, cells (2 x 10 5 to 3 x I0 5 ) suspended in ice-cold Hanks' balanced salt solution (0.2 mL). were injected into the lateral tail vein of 3-to 4-week-old female athymic nude mice. After 4 weeks, the mice were killed by cervical dislocation, and metastatic lesions were scored as described (20, 24) . Quantification of metastasis formation was identical, regardless of the metastasis assay used. Briefly, the lungs from each mouse were removed, fixed in a mixture of formalin and Bouin's fixative (5:1 vol/vol), and examined under a dissecting stereomicroscope (24) . Unless otherwise noted, all other tissues were examined and found to be free of metastases.
Statistical Analysis
The number of lung metastases was compared in KiSS-1 transfectants and parental C8161 cells. For experimental metastasis assays, one-way analysis of variance (ANOVA) followed by Tukey's Honestly Significant Difference posttest was used. For spontaneous metastasis assays, a Kruskal-Wallis ANOVA of ranks procedure was used. Calculations were performed using SigmaStat statistical analysis software (Jandel Scientific, San Rafael, CA). Statistical significance was defined as K.05 using two-sided tests.
Results and Discussion
Several candidate metastasis-suppressor cDNAs were identified by subtractive hybridization and differential display comparing C8161 and neo6/C8161.1 cells {25). One clone, designated KiSS-1, was expressed only in nonmetastatic neo6/C8161.1 cells. The cDNA designation combines interim laboratory nomenclature for putative Suppressor Sequences with acknowledgment of the gene's discovery in Hershey. KiSS-1 cDNA sequence was submitted to GenBank as a novel gene with an accession number of U43527.
Lack of Expression of KiSS-1 in Metastatic Melanoma Cells
The expression pattern of KiSS-1 was confirmed by northern blot analysis using an extensive panel of cell lines derived from the C8161 melanoma with widely ranging metastatic potentials. KiSS-1 mRNA expression could not be detected in any metastatic melanoma cell line (Fig. 1, A) .
highest and lowest metastatic potential among clones, respectively (72). KiSS-1 mRNA expression was also undetectable in C8161cl.9 microcell hybrids containing human chromosome 6 bearing a complex deletion within the region 6q21-K)23 that remained metastatic in nude mice (Miele ME, Goldberg SF, Hyatt DL, Barbanti-Brodano G, Welch DR: manuscript in preparation).
Seven independently prepared hybrids that contained an intact copy of human chromosome 6 in C8161 expressed high levels of a 1.0-kb transcript of KiSS-1 mRNA. Equal loading of lanes was confirmed by measuring glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression. All neo6/C8161 hybrid clones failed to metastasize following intravenous (experimental metastasis assay), subcutaneous, or intradermal (spontaneous metastasis assay) injection into 3-to 4-week-old female athymic nude mice. Therefore, KiSS-1 mRNA expression appeared to be a qualitative marker-i.e., exclusive to nonmetastatic C8161 cell populations.
Expression of KiSS-1 mRNA was evaluated by northern blotting of other, unrelated human metastatic melanoma cell lines (Fig. 1, B) . To test for the possibility that truncated forms of KiSS-1 may have existed, a full-length cDNA probe was used. We could not detect the 1.0-kb KiSS-1 transcript or bands of other sizes in any cells capable of metastasizing in athymic nude mice.
The expression of KiSS-1 mRNA in the human heart, brain, placenta, liver, lung, skeletal muscle, kidney, or pancreas was also examined by northern blot analyses (Fig. 1, C) . Abundant KiSS-1 transcript (1.0 kb) was found in the placenta, with very weak expression in the kidney (detectable only after exposure for >3 days using two intensifying screens). Upon longer exposure, different transcript sizes of KiSS-1 were detected in the pancreas (0.8 kb) and the kidney (0.9 kb), suggesting that alternative splicing may take place in different tissues. Expression of KiSS-1 could also be detected in normal human melanocytes by RT-PCR (data not shown). Expression in melanocytes suggests that KiSS-1 functions in normal precursor cells and may therefore be useful in staging melanoma progression. The precise role of KiSS-1 in melanocyte function has not yet been determined.
KiSS-1 cDNA has a single open reading frame that encodes a protein of 164 amino acids with a predicted molecular mass of 18 kd (Fig. 2) . The initiation codon and surrounding nucleotides fit the Kozak consensus, and there is a consensus polyadenylation site downstream of the termination codon. In vitro transcription and translation of a full-length KiSS-1 cDNA resulted in a single band at 18 kd (data not shown). A search of the GenBank and European Molecular Biology Laboratory databases revealed no significant homology with known genes. A similar lack of homology was seen for protein sequences in the SwissBank database.
Metastasis Suppressed in C8161 KiSS-1 Transfectants
To demonstrate a functional basis for the correlation of KiSS-1 expression and the lack of metastatic potential, full-length cDNA of KiSS-l was subcloned into the pcDNA3 constitutive expression vector and transfected into C8161. The vector alone was transfected as a negative control. Several clones were randomly selected and analyzed for expression of KiSS-l by RNA blotting (Fig. 3) . The KiSS-l transcript in transfectants is larger (1.3 kb) because of additional sequences in the expression vector. The in vitro growth rates of the selected clones were not significantly (P>.05) different compared with parental metastatic C8161 cell clones (Fig. 4) . Clones expressing differing levels of KiSS-l transcript were tested for metastatic ability in athymic nude mice by use of the experimental and spontaneous metastasis assays.
In the spontaneous metastasis assay, which measures the ability of cells injected intradermally or subcutaneously into the dorsolateral flank to metastasize to distant sites (20, 24) , KiSS-l transfectant clones 2, 3, and 9 were less able to colonize lung or regional lymph nodes than concomitantly injected C8161 cells (Table 1) . Differences in metastatic potential could not be explained by slower in vivo primary tumor growth rate, since several more metastatic subclones of C8161 grow more slowly than KiSS-l transfectants (12) . Parental C8161 cells yielded an average of 50 lung metastases per mouse, and every mouse had regional lymph node metastases. In contrast, transfectant clone KiSS-lcl.2, which highly expressed KiSS-l RNA, produced an average of only one metastasis per mouse. None of the mice had more than three metastases, and only two had lymph node metastases. KiSS-l cl.3 produced a mean of three metastases per mouse (all mice yielded less than six metastases) and slightly higher incidences of lymph node metastases. Similar results were obtained following direct inoculation into the lateral tail veins of athymic nude mice (experimental metastasis assay, Table 2 ). 6 plaques). After third-round screening, seven positive clones were isolated and identified as the same gene by restriction mapping and sequence analysis The longest cDNA insert was sequenced on both strands by the dideoxy chain termination method with Sequenase version 2.0 (Amersham Life Sciences, Inc., Arlington Heights, IL). KiSS-1 has a polyproline-rich domain (underlined) and a putative protein kinase C-a phosphorylation site (double underlined). B) Amino acids 81-100 showing PXXP consensus minimal SH3 binding motif (underlined). KiSS-1 transfectants 2 3 5 7 8 9 11 
Predicted KiSS-1 Protein Possibly an SH3 Ligand or Phosphorylated by PKC-a
The predicted protein sequence encoded by KiSS-1 cDNA was analyzed, and the following homologies were found: a putative PKC-a phosphorylation site (single-letter amino acid code, SMR, corresponding to amino acid positions 154-156), and a proline-rich region with five overlapping minimal SH3 binding domains (binding to the homology 3 domain of the oncoprotein Src) (26, 27) (PXXP motif, Fig. 2 , B, corresponding to amino acids 85-97, where P is proline and X can be any amino acid). This suggests that KiSS-1 may be a ligand for a protein possessing an SH3 domain and/or may be a substrate for protein kinase C-a phosphorylation. Additionally, there are four cysteines, leaving the possibility for intramolecular or intermolecular disulfide linkages. The N-terminal 70 amino acids contain seven serines and a tyrosine in position 60 as possible phosphorylation sites. There are also five threonines in the KiSS-1 molecule. There are no apparent transmembrane, glycosylation, nuclear translocation, or domains indicative of KiSS-1 being a kinase. Although predominantly hydrophilic, it is unlikely that KiSS-1 is a secreted protein on the basis of the rules of von Heijne (28) .
The PXXP motif is a constant feature of all SH3 ligands. The presence of five PXXP sequences in a 13 amino acid stretch is further evidence that KiSS-1 is an SH3 ligand (26, 27, 29, 30) . Rules governing specificity of SH3 binding are currently being elucidated (26, 27, (31) (32) (33) (34) (35) , but for the most part, they remain unknown. However, the putative KiSS-1 SH3 binding domain shares many features of the RLP-type (class I) ligand orientation.
SH3 domains are 50-70 amino acid modules present in a variety of intracellular proteins that mediate protein-protein in- ) were injected intradermally into the dorsolateral flank of 3-to 4-week-old female athymic nude mice (seven to eight mice per group, Harlan Sprague-Dawley). When the mean tumor diameter (square root of the product of orthogonal measurements) reached 1.5-2.0 cm, mice were killed. All organs were examined for the presence of metastases, and many were confirmed by microscopic examination of hematoxylin-eosin-stained paraffin-embedded sections (4-6 urn). Macroscopic lung metastases were quantified after being stained with a mixture of neutral-buffered formaJin and Bouin's fixative (5:1) and were counted with the aid of a dissecting microscope as previously described (20, 24) . SEM = standard error of the mean.
teractions that are important for intracellular signaling and cytoskeletal organization {36-43). Many of these interactions involving SH3 domains have been directly or indirectly associated with various steps in the metastatic cascade. Therefore, KiSS-1 could suppress metastasis by regulating key signaling pathways important to one or more of these steps. KiSS-1 transfectants did not display significantly (P>.05) influenced adhesion to the extracellular matrix components type-I collagen or fibronectin nor was adhesion to a complex basement membrane-like mixture, Matrigel, affected (data not shown).
KiSS-1 maps to chromosome Iq32-q41 by fluorescence in situ hybridization (data not shown). Its mapping to another location within the genome compels the hypothesis that KiSS-1 is regulated by the gene(s) on chromosome 6. Our data also suggest that KiSS-1 is an important downstream effector of a gene(s) encoded on chromosome 6 and are consistent with metastasis suppression following introduction of chromosome 1 into MelJuSo melanoma cells (13) . This hypothesis can be further refined because of data failing to detect KiSS-1 mRNA in metastatic neo6(del)(q21-q23)/C8161 hybrids. The latter can be explained by: 1) KiSS-1 mutations, 2) KiSS-1 deletions in subclones of C8161, or 3) mutation or deletion of regulatory gene(s) mapping to 6q21-q23. These hypotheses will require additional studies. The latter explanation is consistent with highfrequency loss of heterozygosity observed in late stage melanomas (44) (45) (46) .
In summary, we cloned a new human melanoma metastasissuppressor gene by subtractive hybridization comparing metastatic C8161 cells and nonmetastatic neo6/C8161.1 cells. Loss of expression correlates with metastatic potential in human melanoma cells, and its expression results in significant suppression of melanoma metastasis in athymic nude mice. It will be necessary to further analyze the KiSS-1 gene in melanoma progression. The predicted KiSS-1 protein has a proline-rich region with homology to SH3-binding domain that could predict a mechanism for melanoma metastasis suppression. KiSS-1 may function in cell signaling and/or cytoskeletal organization on the basis of the usual role of SH3 domains in these processes; however, there is no evidence directly supporting these hypotheses. Taken together, these data strongly support a critical role for KiSS-1 in the regulation of cancer metastasis in human malignant melanoma. Additional experiments will be required to determine a role for KiSS-1 in other cancers or whether KiSS-1 may be a useful marker for staging melanomas in a clinical setting. ) were injected intravenously into the lateral tail vein of 3-to 4-week-old female athymic nude mice (seven to eight mice per group, Harlan SpragueDawley). Mice were killed 26 days after inoculation. All organs were examined for the presence of metastases, and many were confirmed by microscopic examination of hematoxylin-eosin-stained paraffin-embedded sections (4-6 urn). Macroscopic lung metastases were quantified with the aid of a dissecting microscope after staining with a mixture of neutral-buffered formalin and Bouin's fixative (5:1) as described (20, 24) . P values were calculated by one-way analysis of variance using Tukey's Honestly Significant Difference post-test. Values shown compare each group with parental C8161. SEM = standard error of the mean; NSD = no significant difference.
